To investigate the prevalence of musculoskeletal symptoms in the upper extremity (UE) in a sample of Italian call center (CC) operators, and the relationship between the symptoms and potential workplace risk factors. Methods: During 2005-2006, 775 workers from seven CCs in the Turin area participated in a questionnaire survey of exposure to ergonomic, organizational and psychosocial factors at work, sociodemographics, lifestyle, symptoms and diseases. Musculoskeletal symptoms were defined as selfreported musculoskeletal symptoms in the UE during the previous 28 days, for which a physician was consulted and/or drugs were taken. Relative risks were estimated through Poisson regression models with the Huber-White sandwich estimator of variance. Result: Overall, 45% of workers reported UE symptoms in the last four weeks. Symptoms in the neck were the most prevalent (39%), followed by the shoulder (22%), handwrist (10%) and elbow (4%). Among workplace risk factors, neck-shoulder symptoms were associated with low job control, elevated noise, poor desk lighting and impossibility to lean back while sitting; whereas elbowhand/wrist symptoms were associated with short intervals between calls, insufficient working space, lack of forearm support, job insecurity and long seniority in the CC industry. Conclusions: The high prevalence of UE symptoms in this sample was similar to that reported by other studies conducted in this industry. Our results confirm previously reported associations, such as poor characteristics of the workstation and psychological stressors. The striking difference between the set of risk factors for neck-shoulder and elbow/wrist-hand symptoms indicates that the two regions should be investigated separately. 
The call center (CC) industry has grown fast in the last decades in developed countries. In Italy, a great expansion of this sector has also occurred, with an increase from 1,500 workers employed in 1994 to more than 200,000 in 2005-2006 1) . Most important commercial companies nowadays use such centers to answer complaints, improve and render more personal the relationship with their customers, and advertise and sell goods.
Call centers are work environments where the main activity is performed through the simultaneous use of telephone and video terminal units (VDU) . Although this definition could also apply to many office environments, most call centers are different due to the peculiar characteristics of the work organization, which may be considered as a modern industry producing services using information and communication technologies 2) . Work in call centers has a limited variety of tasks and is highly repetitive; operators often have to follow a script which limits their autonomy, especially when combined with an automatic distribution of calls, and have to confront stressful situations in the relationship with customers. Other psychosocial aspects frequently found in the call-center work environments include high time pressure, inadequate breaks, constant monitoring of performance and high production targets to reach 3) . A fast pace combined with the need to simultaneously use a telephone and VDU also implies higher exposure to repetitive movements than in most office environments. Furthermore, it involves maintaining constrained static postures for a great part of the work shift, often made worse by poor workstation design, overcrowding and a diffuse "hot desk" condition, which creates problems for individual adjustment of the workstation 4) . Several studies have reported high prevalences of upper extremity musculoskeletal disorders (UEMSDs) or symptoms among CC workers, which were even greater than those observed in other occupational groups also considered at high risk [5] [6] [7] . The main known risk factors for UEMSDs are ergonomic (fast work pace, repetitive movements, short time for recovery, forced exertion, nonneutral static and dynamic postures, mechanical pressure, vibration) and psychosocial (high psychological demand, low job control, high job strain, low social support at work, fewer opportunities to take rest breaks) 8) . Given the number of potential risk factors for UEMSDs in the CC work environment, concern has been expressed that the high prevalence of musculoskeletal symptoms observed in various studies may be attributable to the adverse characteristics of their work environment and organization. A few epidemiological studies of CC workers have investigated the risk of UE symptoms or disorders in relation to workplace characteristics. In general, they observed associations with poor ergonomics of the workstation, high workload or work pace, and adverse psychosocial factors, such as low control, high job strain and poor support from management 3, 5, [9] [10] [11] . However, the comparability of their findings appears limited because of differences in the criteria adopted for case identification, in the risk factors examined and in the analytical methods employed. From the results of several studies of CC and other VDU workers, risk factors for neck-shoulder symptoms appear to differ, at least in part, from those in the forearm and in the wrist/hand region 5, 12, 13) . Therefore, it would be of interest to examine the association between symptoms and suspected workplace risk factors separately for these two upper limb regions.
The aims of this study were to: -describe the prevalence of self-reported musculoskeletal symptoms in the upper extremities in a sample of Italian call center operators; -assess the relationship between upper limb musculoskeletal symptoms and self-reported ergonomic, psychosocial and other potential workplace risk factors for MSDs; -evaluate whether risk factors for neck-shoulder symptoms differ from those for the elbow-wrist/hand region.
Materials and Methods

Data collection
Workers from seven call centers operating in the Turin area (main industrialized area of Piedmont Region, northwestern Italy) were invited to participate in a questionnaire survey 14) . During 2005-2006, 775 people working in telecommunications (70%), telemarketing (16%) or finance (14%) completed a self-administered standardized questionnaire on working conditions, sociodemographics and lifestyle, previous injuries, symptoms and diseases. In each workplace, the questionnaire was presented by the researchers to the workers during a trade union assembly, compiled anonymously and returned directly to the research team, in order to assure confidentiality of the collected information. Workers who participated in the study were about 40% of the overall workforce, but the research team was unable to obtain reliable information from their union partners on the actual number of subjects who had been invited to participate; therefore, a meaningful estimate of the participation rate in the survey was not available. Exposure to ergonomic factors was assessed using the Italian version of the Orege questionnaire 15) and exposure to job demand, control and strain by means of the short version of the Job Content Questionnaire (JCQ) 16) . Information on other potential ergonomic, organizational and psychosocial risk factors for UEMSDs was also collected, including aspects of workstation design, work load, lighting, noise, microclimatic conditions, supervisor support and job insecurity. The presence of musculoskeletal symptoms in four upper limb regions (neck, shoulder, elbow, hand) was assessed through selfreport. Inclusion criteria for cases were: 1) to have had musculoskeletal symptoms (pain, burning, stiffing, numbness or tingling) at any time during the last 28 days; plus: 2) to have consulted a physician and/or to have taken drugs because of these symptoms. The outcome was assessed through the following questions: "Have you had any symptoms in muscles or joints in the last four weeks (pain, burning, stiffing, numbness or tingling)?"; and "Have you consulted a doctor or have you taken drugs because of these symptoms?" These questions were associated with a figure showing the body regions (neck, shoulder, elbow, hand/wrist, upper back, low back, buttock/thigh, knee, ankle/foot) with an instruction to check one or more affected body regions ("Please indicate the body region(s) affected"). The case definition was based on both symptoms and actions undertaken, in order to preserve the specificity of the outcome definition, although this choice likely produced a decrease in its sensitivity. In fact, in the analysis of the relationship between independent variables and the outcome, a reduced specificity of the case definition was expected to bias the risk estimates toward the null, whereas a reduced sensitivity would produce only a decrease of the statistical power of the study to observe significant associations between independent variables and the outcome.
Subjects reporting only symptoms, but who did not undertake any action, were included among non-cases.
All participants gave their informed consent to participate in the study.
Data analysis
The relationship between musculoskeletal symptoms in the upper limb and suspected risk factors was investigated examining proximal (neck, shoulder) and distal (elbow, wrist/hand) UE symptoms both together and separately. Most workplace factors were treated as dichotomous variables, including: appropriateness of features of the workstation (keyboard height, available working space, desk lighting, availability of wrist and forearm support, possibility of leaning back while sitting), lack of freedom to decide when to take a break, too short duration of breaks, inadequate training on the software used, job insecurity, presence of production targets to reach and of performance monitoring systems (all yes/ no variables), poor support or recognition by the supervisor (often or always vs. rarely or never), and elevated noise (always vs. never or sometimes). Seniority in the CC industry (≤3, 4-6, 7+ yr), daily hours at VDU (≤4, 5-6, 7 +), number of calls at peak (≤15, 16-30, 30 + per hour), duration of intervals between calls at peak (<2, 2-3, 4 + s), relative frequency of mouse and keyboard use (same time, using the mouse more, using the keyboard more) were evaluated as polychotomous variables. The number of inadequate microclimatic conditions reported (room temperature in summer and winter, humidity, ventilation) was summed to create a semi-quantitative scale ranging from 0 to 4 (Cronbach's alpha: 0.73).
Standard JCQ algorithms were used to compute the overall scores of the demand, control and job strain scales, whose effect on the risk of symptoms was assessed by dividing the scales into tertiles.
The presence of any disease from a list of conditions known to be associated with UEMSDs (hypertension, diabetes, systemic lupus erythematosus, gout, thyroid diseases, rheumathoid arthritis), previous injuries in the last five years, leisure physical activity, body mass index (BMI), smoking, marital status, educational level, gender and age class (10 yr) were explored as potential confounders of the association between wokplace factors and musculoskeletal symptoms.
Relative risks of UE musculoskeletal symptoms were estimated by the prevalence rate ratios obtained from Poisson regression models with the Huber-White sandwich estimator of variance, which has been demonstrated to be an appropriate alternative method to logistic regression when examining frequent outcomes 17) . Because of the relatively small number of male subjects in the sample (N. 195), analyses were controlled by gender, rather than stratifying by it, after testing the role of gender as an effect modifier. In a first analysis, the effect of each covariate alone was evaluated adjusting for age class (10 yr) and gender. Afterwards, a multivariate model was fitted using a forward procedure, in which variables with p<0.25 in the previous step were offered to the multivariate model in rank order of their significance, selecting those with p<0.05 18) . First-order interactions between gender and significant variables in the final models were also explored. All the analyses were performed using Stata version 10.0.
Results
In Table 1 , the main socio-demographic features of the population enrolled in the study are presented. Most workers were females (74%) and relatively young (almost three-quarters below 40 yr old); more than half of the population was single and had a mid-high level of education (only 15% without high school degree). About 50% of the people had a seniority in the CC sector of less than 5 yr.
Important proportions of CC operators reported adverse working conditions, such as continuously elevated noise (22%), poor microclimatic conditions in the work environment (30% reporting unfavorable conditions for all the items), workstations characterized by inappropriate features (ranging from 11% for incorrect keyboard height to 39% for inadequate desk lighting), poor supervisor recognition or support (78%), job insecurity (51%), high work load (27% reporting more than 30 calls per hour and 34% less than two seconds average interval between calls at peak), limited time for recovery (53% reporting too short pauses ) and little discretion in taking breaks (85%). Consequently, a low level of job control and high levels of demand and job strain were observed (Table 2) .
Overall, 336 (45%) workers reported upper extremity (UE) symptoms in the previous 28 days for which they consulted a physician and/or took drugs, with a significantly higher prevalence among women than men (48% vs. 38%, p=0.04). Symptoms in the neck were the most prevalent (39%), followed by shoulder (22%), handwrist (10%) and elbow (4%). Fifty percent of the workers reported symptoms in more than one region. Prevalence of neck-shoulder symptoms was 41.6% (43.6% among females and 35.9% among males, p=0.13), and of elbowwrist/hand symptoms 11.8% (12.5% among females and 9.7% among males, p=0.07). No significant differences by gender in the prevalence of symptoms in each of four UE region were found, except for the wrist/hand region, in which symptoms were more frequent among females (11% vs. 7%, p=0.03).
In the analyses adjusted for age class and gender, the risk of neck-shoulder symptoms was significantly associated with several adverse characteristics of the workstation (insufficient working space, incorrect keyboard height, lack of wrist support, poor desk lighting, impossible to lean back while sitting) and with elevated noise, poor supervisor support or recognition, unfavorable microclimatic conditions, insufficient duration of breaks, cases did not report symptoms in this area (data not shown). Many workplace risk factors for neck-shoulder symptoms were also associated with symptoms in the elbow-hand/wrist region, such as insufficient working space, poor desk lighting, incorrect keyboard height, elevated noise, poor supervisor support or recognition, inadequate microclimatic conditions and long CC seniority. Other significant associations for elbow-wrist/ hand symptoms included lack of forearm support, short intervals between calls and job insecurity.
In final multivariate models, neck-shoulder symptoms were significantly associated with elevated noise (RR=1.28), impossibility of leaning back while sitting (RR=1.27), poor desk lighting (RR=1.27) and low job control (RR=1.30 and RR=1.25 for the middle and the high tertiles, respectively), together with age class, gender, previous injuries and chronic diseases ( Table 4 ). The set of risk factors for elbow-hand/wrist symptoms was quite different from that of neck-shoulder symptoms, including insufficient working space (RR=1.78), lack of forearm support (RR=1.63), CC seniority longer than 7 yr (RR=1.82), job insecurity (RR=2.24), short intervals between calls (RR=2.15 and RR=1.79 for 2-3 s and <2 s categories, respectively), low educational level (RR=2.99) and previous injuries (RR=1.94) ( Table 4) . No significant interaction on the risk of proximal or distal symptoms was found between gender and the significant variables retained in the final multivariate models.
As expected, for both body regions the prevalence of musculoskeletal symptoms, when examined irrespective of the fact that subjects sought care, was higher (neckshoulder symptoms: 63.2%; elbow-wrist/hand symptoms: 26.5%) than that observed using the more stringent case definition "symptoms plus medical consultation or drugs". From multivariate analysis, significant risk factors for neck-shoulder symptoms remained practically the same using "only symptoms" as a criterion, although the final model included physical activity and poor supervisor support or recognition. Risk factors for elbowhand/wrist symptoms changed substantially employing the "only symptoms" definition, but still included job insecurity and long seniority in the CC sector, as well as high demand, inadequate microclimatic conditions and incorrect keyboard height (data not shown).
Discussion
In this cross-sectional study, a high prevalence of UE musculoskeletal symptoms was found in a population of call-center operators, with almost half of the subjects reporting symptoms for which they consulted a physician or took drugs. Lack of accurate information on the participation rate in the survey makes it uncertain as to what extent the sample interviewed may have been affected by self-selection, which may have artificially increased symptoms prevalence. Moreover, we do not long seniority in the CC sector, low control, high demand and high job strain ( Table 3) . The results for symptoms in any UE region were practically the same as for neckshoulder symptoms, given that only 22 of the 336 UE have any information confirming that subjects really consulted a physician or took drugs for these symptoms, nor did we collect information on the type of drugs taken by the subjects, limitations which may have reduced the specificity of the outcome and contributed to inflate its prevalence. Nonetheless, the observed prevalence is comparable to those reported by other studies of CC workers 5, 6, 10, 19) or of office operators working with VDUs 20, 21) . As in other studies of CC or office workers, neckshoulder symptoms predominated among musculoskeletal symptoms in the upper limb. In our case series, the proportion of subjects with neck-shoulder cases of the total number of cases was extremely high (93%) and, as a consequence, the results of risk factors for the upper limb as a whole and for the neck-shoulder region were almost identical. It seems likely that the results of studies analyzing symptoms without making distinctions by UE region may also have been affected by a high proportion of neck-shoulder cases, which may have obscured risk factors for symptoms in the elbow-hand/wrist region.
Several work characteristics were associated with musculoskeletal symptoms in the age-and sex-adjusted analysis, many of which with both proximal and distal symptoms, including various aspects of the workstation design, psychosocial exposures, inadequate microclimatic conditions and long seniority in the CC sector. However, many of these covariates were significantly correlated to each other and only a few were retained in the final multivariate models, with strong differences between the set of risk factors associated with neck-shoulder and with elbow-wrist/hand symptoms. In spite of such differences, these results appear to confirm previous observations indicating that psychological stressors and poor ergonomics of the workstation are the main workplace risk factors for upper limb musculoskeletal symptoms among CC workers.
Among psychosocial factors, low job control has been reported as a significant predictor of UEMSDs in the two most important reviews of the subject 8, 22) and, as in our results, the association seems more consistent for neckshoulder symptoms 23) . The reasons why psychosocial factors would affect the neck-shoulder region more than the distal upper limbs are poorly understood. According to a model by Johansson and Sojka 24) , psychological stressors would act to alter the sensitivity of the muscle spindles, whose density is particulary high in the neck region, resulting in the long lasting activation of low- threshold motor units, known as Cinderella fibers 25) . Overactivity of these units would lead to degenerative processes in the muscle cells 26) causing pain. The association with exposure to short intervals between calls (less than four seconds), which may be interpreted as an indicator of high work pace, also appears consistent with other reports of elbow-hand/wrist disorders 5, 27) . Job insecurity has been reported to increase the risk of musculoskeletal symptoms in the upper limb in both office and industrial workers 9, 28) . The mechanism linking job insecurity to musculoskeletal symptoms is not known, but it has been hypothesized that workers who are insecure about their job are more likely to continue working after symptoms development, because of the fear of being fired, without trying to reduce their exposure through a job change, and would be therefore more likely to develop more severe symptoms or disorders 28) . An increased risk of UE musculoskeletal symptoms has been linked to various aspects of workstation design in several studies of CCs and office workers, although with some differences in the characteristics found associated 5, 7, 19, 29) . In particular, lack of forearm support has been consistently associated with an increased risk of symptoms in the elbow-wrist/hand region, apparently because of an increase in ulnar deviation of the wrist, which is a known risk factor for hand/wrist disorders 30) . As in our results, poor lighting increased the risk of neck s y m p t o m s a m o n g V D U u s e r s , a l t h o u g h n o t significantly 31) , while in another study on teleservice operators neck symptoms were associated with perception of chair discomfort 32) . The observed association between long seniority in the CC industry and the prevalence of distal symptoms also appears consistent with previous reports of an increased risk of hand/wrist symptoms associated with long duration as a CC operator 7) and longterm use of VDUs 33) . Nonetheless, for other workplace factors our findings do not appear consistent with the literature. For example, no association was observed with increasing time spent working with a VDU or with frequent mouse use, although two systematic reviews, including prospective studies, found convincing evidence of an increased risk of UE musculoskeletal symptoms associated with exposure to these factors 34, 35) . Inadequate duration of breaks and poor supervisor support were not retained in the fully adjusted models, despite other studies finding that they consistently increased the risk of UE symptoms among CC and other office workers 10, 36, 37) . Also, noise exposure has never been linked, to our knowledge, to UEMSD risk, but it has been observed that the frequent presence of sudden sounds and operators' voices in CCs may act as a psychological stressor, because it makes it more difficult to understand clients during telephone 6, 38, 39) . The present results need to be interpreted in the light of the several limitations of the study. First, the case definition adopted was not based on a clinical examination, but on self-reported symptoms, which may have reduced its accuracy, potentially biasing the observed risk estimates in both directions. However, most other studies of CC or office workers used self-reported symptoms as a proxy of musculoskeletal disorders, rather than clinical diagnoses, and collected them by means of questionnaires comparable to ours, e.g. the Nordic Musculoskeletal Questionnaire 40) or similar, which have shown acceptable validity against clinical examination 41) . Second, the cross-sectional design of the study does not allow us to infer that the observed associations between exposure to workplace factors and musculoskeletal symptoms represent causal relationships. Also, the use of self-reported information on both exposures and outcomes may have generated artificial correlations between them 42) . In fact, it cannot be excluded that cases overestimated their exposure to workplace hazards, compared to non-cases, because of their musculoskeletal symptoms.
Third, a strong overlap was present between distal and proximal symptoms, with three-quarters of subjects with elbow-hand/wrist symptoms also reporting symptoms in the neck-shoulder region. Therefore, it appears difficult to exclude the possibility that risk factors for distal symptoms were different from those in the neck-shoulder only because subjects with distal symptoms were more severe cases, characterized by a higher number of affected regions and a wider diffusion of symptoms. Last, although several individual risk factors for UEMSDs were taken into account in the analyses, we lacked information on many other potential confounders of the observed associations, in particular on exposure to biomechanical and psychosocial factors occurring out of the workplace, such as those related to second jobs, leisure activities or domestic work. Especially, ergonomic exposures related to domestic work may have had an influence on the risk of musculoskeletal symptoms, given the high proportion of women in the study 43) . The high risk associated with low education in the final model on distal symptoms, even after controlling for many occupational characteristics, actually suggests that biomechanical and psychosocial exposures outside the CC workplace, correlated with low education or low social class, may also have been implicated, although this association might also be attributable to the fact that exposure to some relevant workplace factor, unevenly distributed by education, was not adequately assessed.
In conclusion, a high prevalence of upper limb musculoskeletal symptoms was observed in a population of CC workers, especially in the neck-shoulder region. Several psychosocial and ergonomic factors, partially consistent with previous reports, were found to increase the risk of symptoms' prevalence in the upper limbs. As observed by other authors, among VDU workers, the set of risk factors for neck-shoulder symptoms appears to differ substantially from that for symptoms in the elbowhand/wrist region.
